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Abstract
Objective: Provide additional evidence about the relationship between controlled hypertension
and balance control by evaluating individuals’ gait stability, sensorial orientation, reactive
postural response, and anticipatory postural adjustment using the Mini-Balance Evaluation
Systems Test (Mini-BESTest).
Methods: A total of 76 (28 controlled hypertensive, 48 non-hypertensive) individuals were
evaluated with the Mini-BESTest protocol. Each of the subscores obtained from the test
represented the different subdomains of postural control, and they were compared between
controlled hypertensive and non-hypertensive groups using a one-way analysis of variance
(ANOVA) statistical analysis.
Results: Hypertensive individuals tended to score lower than non-hypertensive individuals in the
anticipatory postural adjustment and sensorial orientation subcategories, but they tended to score
higher than the non-hypertensive group in the reactive postural response and gait stability
subcategories. However, none of these differences were found to be statistically significant.
Key Words: postural control, gait, balance, hypertension, antihypertensive therapy, MiniBESTest
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Introduction/Literature Review
Falls are a leading cause of unintentional injuries in the United States.1,2 A large
contributor to the occurrence of falls is balance control dysfunction, particularly among the
elderly population.3 In fact, several previous studies have shown that standing balance
impairment may increase fall risk threefold.4–6 Balance dysfunction may be defined by increased
postural sway, poor equilibrium control during other body part movements, excessive or reduced
responses to physical disturbances, and abnormal oscillations of the trunk.7
Most gait and balance disorders have multiple contributing risk factors.8 Some of these
include old age, certain environmental exposures (e.g., lead), affective disorders and psychiatric
conditions (e.g., depression), infectious and metabolic diseases (e.g., diabetes mellitus, hyperand hypothyroidism, obesity), musculoskeletal disorders (e.g., gout, osteoarthritis), neurologic
disorders (e.g., multiple sclerosis, Parkinson disease, stroke), sensory abnormalities (hearing or
visual impairment, peripheral neuropathy), and cardiovascular diseases.8,9 Hypertension, defined
as raised blood pressure (average systolic blood pressure >115 mm Hg) is one particular
cardiovascular disorder prevalent in the older population.10,11 Due to the symptoms that tend to
accompany hypertension, such as headache, tachycardia, blurring of vision, shortness of breath, a
predisposition to orthostatic hypotension (a sudden drop in blood pressure on standing),
weakness of limbs, and swollen ankles, this condition could potentially contribute to balance
dysfunction and unintentional falls.12,13
A previous study by Shen et al. (2015) found that uncontrolled hypertension, orthostatic
hypotension, and the decrease in blood pressure on postural change were associated with
standing balance impairment in side-by-side and tandem stance.14 Additional research has
recently begun to examine the effect of antihypertensive therapy on fall risk in the elderly
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population. Gangavati et al. (2011) showed that hypertension control (with or without orthostatic
hypotension) has no association with fall risk in older community-dwelling adults, and Acar et
al. (2015) also found that controlled hypertension is not a cause of worse balance performance in
elderly adults.13,15 However, each of these studies used different balance evaluation techniques.
There is a need for additional data to strengthen the conclusions of recent studies involving
controlled hypertensive individuals. Moreover, as postural control consists of several
subdomains (e.g., gait stability, sensorial orientation, reactive postural response, and anticipatory
postural adjustment), it is important to be able to ascertain how each of these is affected
individually by a condition such as hypertension.
The Balance Evaluation Systems Test (BESTest) is a new balance assessment tool that
may be able to meet this need, as it is designed to identify specific postural control problems.16
As this assessment includes 36 items and takes between 30-35 minutes to complete, a more
feasible, shorter version of the test known as the Mini-BESTest has been developed.16 It includes
14 tasks that take 10 minutes to complete, and it has been shown to have good intrarater and
interrater reliability and concurrent validity in recent studies.17–19 Though it has been shown to be
useful in predicting falls in patients with conditions such as Parkinson disease and stroke, to our
knowledge it has not been specifically evaluated for elderly individuals with hypertension.13-17
As such, the aim of our study is to strengthen or potentially challenge previous studies’ claims
about the relationship between controlled hypertension and balance control by evaluating
specifically hypertensive individuals’ gait stability, sensorial orientation, reactive postural
response, and anticipatory postural adjustment, as measured by the Mini-BESTest.
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Research Questions
RQ1 Between controlled hypertensive and non-hypertensive individuals, which group
has worse gait stability? Or are they similar?
RQ2 Between controlled hypertensive and non-hypertensive individuals, which group
has worse sensorial orientation? Or are they similar?
RQ3 Between controlled hypertensive and non-hypertensive individuals, which group
has worse reactive postural response? Or are they similar?
RQ4 Between controlled hypertensive and non-hypertensive individuals, which group
has worse anticipatory postural adjustment? Or are they similar?

Methods
Context/Protocol
The present study comprises one part of an overarching study by Santos and Duarte
(2016) which was designed to create a public data set with qualitative and quantitative
evaluations related to human balance.21 The study was approved by the local ethics committee of
the Federal University of ABC (#842529/2014). All data collection was performed in the
Laboratory of Biomechanics and Motor Control at the Federal University of ABC, Brazil, and it
was collected for each subject in a single session that lasted between 1-2 hours. For this current
study, the necessary data was retrieved from the open access database “PhysioNet”.19
Subjects
The original study involved 163 subjects (116 females and 47 males) who voluntarily
participated to be evaluated. They were first interviewed to collect information about their
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demographic and health characteristics. Their ages varied from 18 to 85 years, body masses
from 44.0 to 75.9 kg, heights from 140.0 to 189.8 cm, and body-mass indexes (BMI) from
17.2 to 31.9 kg/m2. As the present study focused on comparisons between hypertensive and
non-hypertensive individuals of the elderly population, only those subjects greater than or
equal to the age of 60 were considered for further processing and statistical comparison.
Therefore, the current study examined the data of 76 total individuals, 28 of whom were
diagnosed with hypertension and were receiving antihypertensive treatment at the time of the
study, and 48 of whom were non-hypertensive and treated as controls. All demographic data
of these 76 subjects can be found in Table below.
Table: Subject demographics
Subject Type

Gender

Mean Age
(yrs)

Mean Height
(cm)

Mean Weight
(kg)

Mean Body
Mass Index
(kg/m2)

Controlled
Hypertensive

6 M / 22 F

72.61

156.74

64.41

26.22

Healthy NonHypertensive

10 M / 38 F

70.28

157.51

62.43

25.16

Data Collection
The original study used several methods of evaluating the balance of the participants,
including stabilography during standing still tasks on a force platform, as well as the
completion of the Mini-BESTest, the Short Falls Efficacy Scale International (Short FES-I),
International Physical Activity Questionnaire – Short Version (IPAQ-SV), and a Trail
Making Test (TMT). The details about the protocol and data collection can be found in
Santos and Duarte (2016).19
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As the present study focuses on the Mini-BESTest evaluation only, it is further
described here. The Mini-BESTest contains 14 items classified in four different domains of
the human balance: Anticipatory Postural Adjustment; Reactive Postural Response; Sensorial
Orientation; and Gait Stability. Anticipatory Postural Adjustment is defined as the activation
of postural muscles prior to the beginning of a voluntary movement and in anticipation of
destabilizing forces that movement causes.16 Reactive Postural Response is a complex pattern
of muscle activation occurring in response to a disturbance in balance, which helps maintain
one’s center of mass.16 Sensory Orientation is defined as an individual’s ability to use visual,
proprioceptive, and vestibular cues to maintain postural stability.16 Dynamic Gait measures
an individual’s ability to modify his or her manner of walking (via changes in speed,
direction, etc.) based on changing task demands.16
Each item of the MiniBESTest varies from 0 (abnormal performance) to 2 (normal
performance) points.16 The maximum score that can be achieved by any participant is 28
points, with 6 points being the maximum that can be achieved in the Anticipatory Postural
Adjustment, Reactive Postural Response, and Sensorial Orientation subcategories, and 10
points being the maximum score that can be achieved in the Gait Stability subcategory.16 A
higher score in each subcategory indicates more optimal function (e.g., a higher Anticipatory
Postural Adjustment score indicates a better ability to sense the need to adjust posture when
necessary in instances of imbalance, thus better protecting against falls). Note that in this
study, for any Mini-BESTest tasks that required subjects to fix their gaze on a target, the
target was placed a distance of 3 meters ahead. Some sample tasks from the Mini-BESTest
evaluation, as well as instructions for how to score them, are provided below:
SIT TO STAND (from Anticipatory Postural Adjustment subcategory)
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Instruction: “Cross your arms across your chest. Try not to use your hands unless you
must. Do not let your legs lean against the back of the chair when you stand. Please
stand up now.”
(2) Normal: Comes to stand without use of hands and stabilizes independently.
(1) Moderate: Comes to stand WITH use of hands on first attempt.
(0) Severe: Unable to stand up from chair without assistance, OR needs several
attempts with use of hands.
CHANGE IN GAIT SPEED (from Dynamic Gait subcategory)
Instruction: “Begin walking at your normal speed, when I tell you ‘fast’, walk as fast
as you can. When I say ‘slow’, walk very
slowly.”
(2) Normal: Significantly changes walking speed without imbalance.
(1) Moderate: Unable to change walking speed or signs of imbalance.
(0) Severe: Unable to achieve significant change in walking speed AND signs of
imbalance.
Data Analysis
The scores for the first three items of the Mini-BESTest were added for each participant
to determine each of their subscores for the anticipatory postural adjustment measurement. The
next three items of the assessment were added to determine the reactive postural control
subscore, the following three items were added to determine the sensory orientation subscore,
and the final five items were added to obtain the dynamic gait subscore. All of the subscores
were then separated based on subject type (i.e., hypertensive and non-hypertensive). SPSS data
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analysis software was used to perform a one-way between subjects analysis of variance
(ANOVA) statistical analysis with a significance of p < 0.05. Note that the ANOVA did not
include a post hoc test, as a comparison was made between two groups only (i.e., controlled
hypertensive vs. non-hypertensive).
Results
Anticipatory Postural Adjustment
Controlled hypertensive individuals were found to score lower than the healthy nonhypertensive participants in the anticipatory postural adjustment assessment category. They
scored on average 3.28 points (SD 0.922) compared with the healthy participants who scored
an average of 3.43 points (SD 1.021). These differences in mean scores were not found to be
statistically significant (p = 0.520), however (Figure). The range of scores in the healthy nonhypertensive group varied from 1 to 6, but it varied from 2 to 5 in the hypertensive group.
Reactive Postural Response
In the reactive postural response assessment category, the controlled hypertensive
group tended to score higher on average than the healthy non-hypertensive group.
Hypertensive individuals achieved a mean score of 3.59 (SD 1.150) compared with 3.53 (SD
1.582) of the healthy individuals. These differences in mean scores were not found to be
statistically significant (p = 0.869) (Figure). The range of scores in both groups varied from 0
to 6.
Sensory Orientation
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The controlled hypertensive participants scored lower in the sensory orientation
category than the healthy non-hypertensive group. They achieved a mean score of 4.86 (SD
1.302), while the healthy participants achieved a mean score of 4.88 (SD 1.053). The
differences in scores were not found to be statistically significant (p = 0.954) (Figure). For
both groups, the range of scores varied from 1 to 6.
Dynamic Gait
In the dynamic gait analysis, the hypertensive group was found to score lower on
average compared with the non-hypertensive group. The hypertensive participants achieved a
mean score of 6.21 (SD 1.320) compared with 6.67 (SD 1.560) of the non-hypertensive
individuals. These score differences, however, were not found to be statistically significant
(p=0.181) (Figure). While the range of scores in the hypertensive group varied from 4 to 10,
it varied from 2 to 10 in the healthy non-hypertensive group.

Figure: Mean scores for the anticipatory postural adjustment, reactive postural response, sensory orientation, and
dynamic gait between controlled hypertensive and healthy non-hypertensive groups are compared in the figure.
Error bars represent standard deviation.

Sich 11
Discussion
The results of this study demonstrate that there are no significant differences between
controlled hypertensive and non-hypertensive individuals’ balance scores in any of the four
subcategories within the Mini-BESTest. This suggests that it is possible that anti-hypertensive
therapy does not significantly increase one’s potential to lose control of anticipatory postural
adjustment, reactive postural response, sensory orientation, or dynamic gait—therefore not
significantly increasing the likelihood for falls. This is in contrast to information from a previous
study by Shimbo et al. (2016), which suggested that anti-hypertensive medication use may result
in neurological and physical disturbances in older adults.22 Another study by Hui Ting Ang et al.
(2018), however, found that specifically the use of angiotensin converting enzyme inhibitors, βblockers, or calcium channel blockers may be associated with a lower risk of falls.23 The results
of these studies demonstrate that the effects of anti-hypertensive therapy on balance control and
risk of falls is still unclear. Our study aimed to provide additional evidence for the relationship
between anti-hypertensive therapy and balance control for this reason. The results of our study
were more consistent with those of Acar et al. (2015) and Gangavati et al. (2011) who found that
there were no differences in balance control between healthy non-hypertensive and controlled
hypertensive groups.13,15
Though we compared the balance control of non-hypertensive and controlled
hypertensive individuals, this study was limited as we did not have data on uncontrolled (i.e., no
anti-hypertensive therapy use) hypertensive individuals. This might have provided a more
complete picture of the effects of hypertension on balance both before and after use of
antihypertensive medication. The study by Gangavati et al. (2011) did compare these groups and
showed that participants with uncontrolled hypertension were at a greater fall risk than those
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with controlled hypertension.15 This suggests that the antihypertensive therapy not only does not
increase the risk of balance dysfunction and falls in hypertensive individuals, but it also may aid
in normalizing the poor balance that they may have as a result of the hypertensive condition
itself. However, additional future studies are needed to support this.
Another limitation of this study was that individuals taking different types of
antihypertensive medications were not distinguished between each other. It is possible that
results might have differed based on different antihypertensive therapies, as was alluded to by
Hui Ting Ang et al. (2018). Additionally, a significant limitation to this study was the small
sample size that was used, and the group of participants which were studied were not gender
matched and were all of the same nationality. Therefore, the results of this study are not
completely representative of that of the general population.
Studies such as ours are necessary in order to establish the effectiveness and potential
risks of anti-hypertensive therapy on individuals suffering from hypertension. To further the
understanding of the effects of anti-hypertensive therapy on balance control, future work may
expand upon what was investigated in our study. Specifically, future studies could benefit from
choosing a larger, more diverse sample size, separating groups of controlled-hypertensive
individuals based on different anti-hypertensive therapy used, and comparing their balance as
well as history of falls to non-controlled hypertensive and healthy non-hypertensive groups.
Conclusion
This study provides important insight into the potential effects of anti-hypertensive
therapy on balance control. We found that scores for anticipatory postural adjustment, sensory
orientation, and dynamic gait tended to be higher in the non-hypertensive individuals, while
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scores for reactive postural response tended to be higher in the controlled-hypertensive group.
However, none of these differences were statistically significant, suggesting that antihypertensive therapy does not pose any major alterations to a hypertensive patient’s balance
control. Future work is needed to compare these results to the results of a group of noncontrolled hypertensive individuals to determine whether the anti-hypertensive therapy
specifically works to normalize any existing balance dysfunction in hypertensive patients.
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